ABSTRACT: A method for direct carbonylation of aminoquinoline benzamides has been developed. Reactions proceed at room temperature in trifluoroethanol solvent, use oxygen from air as an oxidant, and require Mn(OAc) 3 as a cocatalyst. Benzoic and acrylic acid derivatives can be carbonylated by carbon monoxide affording imides in good yields. Halogen, nitro, ether, cyano, and ester functional groups are tolerated. The directing group can be removed under mild conditions affording phthalimides.
T ransition-metal catalyzed carbonylation of aryl halides and sulfonates, pioneered by Heck, has been developed into a versatile synthetic method. 1 However, this methodology requires prefunctionalization of arenes thus introducing additional steps into synthetic sequences. In contrast, direct functionalization of C−H bonds results in more efficient production of the desired substances.
2 Dicobalt octacarbonyl catalyzed carbonylation of azobenzene and Schiff bases reported in 1955 by Murahashi is likely the first example of directed, transition-metal catalyzed functionalization of a C−H bond. 3 The reactions proceed at about 200°C and under 100− 200 atm of CO. More recently, palladium, ruthenium, and rhodium catalysts have been shown to effect carbonylation of sp 2 and sp 3 C−H bonds. Specifically, Fujiwara reported palladium-promoted carbonylation of simple arenes under 15 atm of CO pressure.
4a Ishii has reported palladium-catalyzed carboxylation of electron-rich arenes by employing oxygen as the terminal oxidant.
4b Yu has shown that free benzoic acids can be ortho-carboxylated under 1 atm of CO at 130°C under Pd catalysis.
4c Anilide functionality can also direct carboxylation.
4d If a perfluoroarylamide directing group is employed, even sp 3 C−H bonds can be carbonylated. 4e Several other groups have reported palladium-catalyzed sp 2 C−H bond carbonylation.
4f−k Nitrogen-directed, rhodium-catalyzed arene carbonylation is also known.
5 Ruthenium-catalyzed directed carbonylation and acylation of C−H bonds has been reported. 6 Most relevant to this work, Ru 3 (CO) 12 -catalyzed, bidentate auxiliary-directed carbonylation of sp 2 and sp 3 C−H bonds has been disclosed by Chatani.
6b,c However, mild, first-row transition-metal catalyzed carbonylation of C−H bonds is still unknown.
We have reported that 8-aminoquinoline, picolinamide, and 2-pyridinylmethylamine auxiliaries can be used for palladium and copper-catalyzed C−H bond functionalization.
7 Other research groups have extensively used these auxiliaries for palladium-, ruthenium-, iron-, and copper-catalyzed reactions. 8 We have recently shown that the aminoquinoline auxiliary can direct cobalt-catalyzed C−H activation/alkene and alkyne migratory insertion sequences, leading to ortho-functionalized benzoic acid derivatives (Scheme 1).
9 This led us to investigate directed ortho-carbonylation of aminoquinoline benzamides, since migratory insertion of carbon monoxide into Co(III)−C bonds is known. 10 We report here cobalt-catalyzed, aminoquinoline-directed carbonylation of sp 2 C−H bonds that proceeds at room temperature under 1 atm of CO, uses oxygen from air as a terminal oxidant, and affords phthalic acid derivatives.
Gratifyingly, conditions that were successful for alkene coupling with sp 2 C−H bonds 9b worked also for aminoquinoline benzamide carbonylation. Reactions proceed in trifluoroethanol at room temperature with 20 mol % Co(acac) 2 catalyst, 1 equiv of Mn(OAc) 3 ·2H 2 O additive, and under 1 atm of CO (Table 1) . Oxygen from air is the terminal oxidant, and sodium pivalate base is employed. In all cases, only one isomer of product was obtained.
The reaction scope is presented in Table 1 . Aminoquinoline amides possessing electron-withdrawing (entries 2−5, 9−11) as well as electron-releasing substituents (entries 6−8, 12) are reactive. High functional group tolerance is observed. Bromo (entry 3), nitro (entry 4), iodo (entry 5), cyano (entry 10), and ester (entry 11) substituents are tolerated. Carbonylation of
Scheme 1. Aminoquinoline Amide Coupling with Alkenes and Alkynes
Letter pubs.acs.org/OrgLett aminoquinoline p-toluoylamide (entry 6) was carried out also on 5 mmol scale, and product was obtained in 91% yield showing that scale-up of the reaction is feasible. The directing group can be easily removed by treatment with ammonia, affording a high yield of a phthalimide derivative (eq 1).
Two control experiments were performed to determine the source of the oxidant. First, p-toluoylamide of aminoquinoline was carbonylated under the conditions for Table 1 , entry 6, but without opening of the reaction vial to air (Scheme 2). Carbon monoxide was delivered from a balloon equipped with a needle. The NMR yield of product 1 was 83%, which is comparable to the isolated yield for entry 6, Table 1 . Second, the reaction was carried out in a CO-filled Schlenk flask (25 mL) with exclusion of oxygen. The NMR yield of the product was 20%. It can be concluded that oxygen is delivered to the reaction via slow diffusion of air through the surface of the balloon. Furthermore, aminoquinoline amides of cinnamic and methacrylic acids can be carbonylated. The products were obtained in moderate yields (Scheme 3).
In conclusion, we have developed a method for directed, room-temperature, cobalt-catalyzed carbonylation of aminoquinoline amide sp 2 C−H bonds. Reactions proceed in trifluoroethanol solvent in the presence of the Mn(OAc) 3 cocatalyst and use oxygen from air as an oxidant. Halogen, nitro, ether, cyano, and ester moieties are compatible with the reaction conditions. Directing group removal affords phthalimides. 
